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This r e p o r t  is a f i n a l  r e p o r t  submi t ted  t o  t h e  United States 

Department of Hea l th ,  Education, and Welfare i n  connect ion wi th  

t h e i r  LINC Computer Evaluat ion Program. 

FR 00151-01, t h e  Ins t rumenta t ion  Research Laboratory was sup- 

p l i e d  wi th  a L I N C  Computer and some a d d i t i o n a l  accessory  equip- 

ment. The a p p l i c a t i o n s  of t h i s  computer and i t s  e v a l u a t i o n  rep- 

r e s e n t  work c a r r i e d  o u t  under Na t iona l  Aeronaut ics  and Space 

Adminis t ra t ion  Grant N s G  81-60. For t h i s  r eason ,  t h i s  r e p o r t  

i s  be ing  submi t ted  both  t o  t h e  LINC Evalua t ion  Board i n  f u l f i l l -  

ment of  t h e i r  requirement  f o r  a f i n a l  r e p o r t  and t o  NASA as a 

t e c h n i c a l  r e p o r t .  

Under t h e i r  Grant No. 

- .... ~ . . . . ~  ~ . . . ... 
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I .  . 
I I NTRODUCT I ON 

The instrumentation Research Laboratory within the Department o f  

Genetics has a s  its purpose the design o f  special purpose instruments for 
biological research. This includes electrical, mechanical and optical 
design. The LlNC in our 1ab0,ratoi-y has been used as a system element in 
a number of experimental situations and its use has proven to be both 
educa t ion  to u; arid experimentat ly iewdrd ing.  

Headed by Dr. Joshua Lederberg and under the direction o f  Dr. E l  1 iot 
ievinthal, t h e  laboratory has as its primary mission the development o f  

iife detectiori systenis on a microbial ;eve1 for remote Martian explora- 
tion. in order to accomplish this end, a number of different types o f  

physical measurements have bezn investigated in great detail. We believe 
that these studies, a number o f  which involve LINC, wili also result in 
new instrumentation and techniques of general laboratory uti1 i ty. 

We wish to request that the LlNC be permanently assigned to  our lab- 
o r a  tory. 

i i. 
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* I I GENERAL USAGE 1-0 EQU I PMENT AND PROGRAMS 

Our LlNC has been equippedwith a number o f  peripheral devices. These 

include a Datamec IBM compatible tape recorder, a Calcomp plot ter ,  and a 

teletype. 
o ry. 

(200 and 566 bpi) operation, w i th  both read and w r i t e  capabi l i ty .  

speeds and densities' g ive us a wide range o f  data rates. The upper 1 i m i t  

The interface i s  very simple and 

I n  the process of being i ns ta l l ed  i s  a 4096 word external mem- 
I \ 

The Datamec i s  equipped for  two speed (45 and 4.5 ips) two density 

These 

s i x  b i t  characters per second. 

n l y  cards. One of these would be e l  I ted i f the ga-d 

accumulator 1 ines were being used f o r  nothing else. 

format, generate data tapes from continuous' on- l ine input, and to regroup 

the input data on LlNC tape blocks and then, if desired, t o  rewr i te  these 

blocks i n t o  IBM format. A l l  o f  these combinations form a h igh ly  f l e x i b l e  

system- 

punch. 

Programs f o r  the Datamec Include those t o  read and w r i t e  IBM compatible 

I 

Use o f  the Datamec has completely superseded the IBM 026 key- 

The Calcomp p l o t t e r  has been,in operation f o r  some time now and has 

proveni t o  be extremely useful. 

have been writ ten. 

l inear1 interpolat ion. 

e ra t ion  which includes character s i ze  scal ing and posit ioning. 
Thq teletype has proven to be a very 'good means o f  ge t t ing  both program 

and data i n t o  LlNC and gett ing hard copy o f  both out. I t s  major drawbacks 

afe i4s low speed, lack o f  tabs and tha t  i t  I s  somewhat noisy; however, we 

know o f  no cheaper means o f  ge t t ing  pr in ted  output. Input and output r o w  

Programs f o r  p l o t t i n g  a l l  forms o f  data 

These include both ordinate and abscissa scal ing and 

A program has also been w r i t t e n  f o r  character gen- 

t ines  ,have been w r i  t t e n  which ca lcu late te letype code from LA? code and 

viseversa which take about twenty locations each, so memory usage 1s not 

qxces s i ve. 

The 4096 word memory, which should be i n  operation w i t h i n  the next few 

weeks, w i l l  be used both fo r  program and data hand1 ing. There w i l l  be 

three modes o f  operation which are: 256 word input and output gulps e t  

1. 

I 



e i g h t  microseconds per wort and s i n g l e  word i n p u t  whicn indexes the mem- 

o r y  address r e g i s t e r  w i t h  each input .  i n i s  l a t e r  mode i s  designed main ly  

f o r  data hand1 ins. 

- I  

T 
i hese programs i ncl ude t hose  f o r  p r o g i ~ m  i naut, assemb 

il,g, fo; Leyboard & t a  inpL; oi;L computa;;on G i l l  foi. data 

o f  the programs 20 be mentioned a re  more completely descr 

y2 and debugg- 

display.  Host 

bed i n  Appendix 

T h e  L i QiCT system F s our :el etype prograii7 t e x t  i nput-output sys tem which 

has  a number  of u s e f u l  features. I :  i s  t i e d  i n t o  a mod i f i ed  LAP which 

w i t 1  asse,qbie fo; z-C? L~~~ 2K meno;y. 

Lie have opera t i ng  ~ i 7  the i 3 h  7093 u c m p i i e i -  :ai- L lNC which uses a 

mod i f i ed  2a:go: lansiiase. i h i s  SyStzn-i, ~ a i  l e d  ' 'SLi i<L' ' ,  ana a program op- 

e i d i i n g  sys'ien; which vias ~ ; I t < ~ i 7  i n  G L I ~ L  are  GeSCribeG i n  some d e t a i l  i n  

t h e  append i x. 

..- 

Debugging rou t i nes  inc;  c;de an  o c t a i  'co IYaenionic conver te r  and p r i n t -  

o u t  program, and 4 pfogi-am which foi  l ows ?no-ihei* program t h r o u g h  a1 1 o f  
i ZS b C 7 4 r L  I - -  . o ~ , L , ~ . 4 0 y  t o  de tc rn inc  which j o c a t ; ~ ; : ~  

conta i r ,  c o r , s ~ i ~ n ~ s .  : n i s  i s  ~ s z c i  w i t h  r h e  converter program t o  ge t  a prop- 

e r  p r i n t - o u t .  A p r i n t - o u t  of LAP i i i  was obtained i n  t h i s  way. 

con ta in  i n s t r u c t i o n s  arid which 
-. 

A F i o a t i z g  p o i n t  p ~ c k ~ g e  w i t i - i  t i v ~  rr3r-d l i l G i l L i > h d  h a s  been w r i t t e n .  

Copies o f  t h i s  program and a tisage exp iana t ion  w i l l  be a v a i l a b l e  s h o r t l y .  

T h i s  p rogran has been incorporated I n t o  a desk c a l c u l a t o r  w i t h  storage 

rouxI;,e. T h i s  rou t i i l e  has the usual a r i t h m e t i c  operat ions a s  w e l l  as 

s q i l a ; ~  roo;, e log, x s i n  x , cos x and 2 X 2 Chi square .  I t  i s  

ar;a;,;ed f o r  the  easy a d d i t i o n  of o tne r  a r i  tnmet ic subroutines. Teletype 

i n p u L  and ou tpu t  and cer t ; r in  nan lpu ia t i ons  o f  t he  s to red  data a r e  i nc lud -  

ed. 

A ztizber o f  s imple a lgeb ra i c  progralns have been wr i t t en ,  such as those 

f o r  m a n  and s t a ~ d a r d  deviat ion, C ' 8 i  squa re  and o t h e r  s t a t i s t i c a l  opera- 

t ; o n s . 
D isp lay  programs inc lude  those 'or p o i n t  a n d  bar  graph d i s p l a y  w i t h  x 

and X scai  jag  keyboard c a l l i n g  o f  j a t s  s e t s .  These data s e t s  may b e  

2. 
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manipulated i n  a number o f  ways i n c l u d i n g  inversion, addi t ion,  m u l t i p l  i- 

c a t i o n  and r o t a t i o n .  

These a r e  the  major programs o f  a general usage nature now i n  opera- 

t ion .  The o n l y  major programing e f f o r t  now being considered i n  t h i s  c lass  

i s  a s imple a r i t h m e t i c  compiler based on the two word f l o a t i n g  p o i n t  sy- 

stem. A more complete symbolic compiler i s  a p o s s i b i l i t y ,  b u t  due t o  the 

l a r g e  amount of e f f o r t  involved w i l l  probably no t  be undertaken for some 

t ime. 

I V. E X P E R  1 MEhT RELATED PROGRAMS AND HARDWARE 

Most o f  the research i n  our department i s  invo lved w i t h  experimenta- 

t i o n  e i t h e r  on a b a c t e r i a l  o r  molecuiar ;evel ;  t h e r e f o r e  a l l  o f  the on- 

l i n e  LlNC experiments t h a t  have been done have involved phys ica l  methods 

such as mass spectroscopy, rad ioac t ive  and f luorescent  tagging, f l u o r -  

zsccnt dzca-y. t i m e s  sfid p e t i - t i ~ i e  couritirry. An dn i i c ipa tec i  experimenr: in- 

volves the i n t e r p r e t a t i o n  of Raman spectra. 

The LlNC has been d i r e c t l y  connected t o  the ou tpu t  o f  the  Bendix time- 

o f - f l i g h t  mass spectrometer. Output from the mass spectrometer i s  re-  

duced as i t  comes i n t o  LlNC i n t o  mass ampl i tude ana t ime o f  occurrence. 

The d i r e c t  determinat ion of mass number i s  d i f f i c u l t  due t o  i n s t a b i l i t y  

i n  the  Bendix 's  scanning ramp. One means o f  overcoming th is ,  which w i l l  

be t r ied,  I s  to  a!lotw L!$!C t o  generate the scanning ramp by t h e  ijse o f  B 

mechanical D-A conver ter  which has been b u i l t  i n  o u r  shop. This  cons is ts  

o f  a 200 step per  r e v o l u t i o n  s tepping motor d r i v i n g  a ten t u r n  pot. Th is  

i s  a very s imple system and has proven most useful .  Th is  use o f  LlNC t i e s  

i n  w i t h  a much l a r g e r  system which i s  a c m p u t e r  program f o r  the d i r e c t  

determinat ion o f  compound composit ion from mass spectra. Th is  work i s  bir 
i n g  done under a separate grant and the i n i t i a l  program i s  being run on 

the  I B M  7090 a t  the Stanford Computation Center. 

The LlNC has been used i n  a number o f  ways i n  experiments w i t h  f i u o r -  

escent compounds. The f i r s t  experiment o f  t h i s  type used LlNC as modula- 

tor, phase locked detector, and i n t e g r a t o r  i n  an extremely s e n s i t i v e  f l u -  

oremeter. With i n t e g r a t i o n  times o f  ten  minutes, the  d e t e c t i o n  of  10- 13 



molar solutions of fluorescein with a signal to noise of 15 to 1 were ob- 
tained using a 400 n i l  1 iwctt 1 ighr saurce. T h i s  experiment was performed 
to determine parameters for a sensitive fluoremeter as part of our effort 
t o  design apparatus for the detection of life on Mars. A program i s  now 
being written which will determine the best fluorescent system transfer 
function for a given material by yencrating a i l  possibie combinations o f  

fil ters, 1 ight sources, and phototubes. The data for the components o f  

this systen will be stored as sets on L i N C  tape. 
A system has ijecn b w l i t  for thc detcrmination 0: fluorescent decay 

times in the low nanosecond region. This consists of a fast flash lamp, 
photomultipl ier tube, samp1 ing scope and LiNC as a 512 channel integrator. 
Calculation shows that we will get abodt  two qhanta per channel per flash. 
Our design goal i s  to investigate materials w i c h  decay times on the order 
of five nanoseconds. To date, our bcs: rcsu:t> h;ve been in the 10 nano- 
second region. The limiting f a c t o r  is the lamp decay time. This will be 
improved by the use of a diffsrent type of lamp. The L l N C  has performed 
most admirably I r !  c h i s  "p;! icat lor , .  Ns extei- i ia: iiiii-dware was required ex- 

cept the mechanical D-A convertor f o r  <riving the sampling scope sweep. 
This experiment is being conducted in cooperation with Dr. Lubert Stryer 
of the Stanford Biochemistry Department. 
a best exponential fit to r h e  experimental d a t a  so that direct time con- 
stant output will be availalie. 

A program w i l l  be written t o  get 

Programs have been written f o r  the lteyboard input of data from nuclear 
counters which determine man and standjrd deviations as we1 1 as sorting 
data sets according to size distributions and normalizing the data. 
These programs h6ve been in routine use by a group in the Genetics Depart- 
ment under the direction of Dr. Leonard Herzenberg. This group is study- 
ing antibody reactions in mice. 

These programs have, by the rapid presentation o f  results, allowed the 
experimenters to determine what the next step in their procedure should 
be with very little delay, and has therefore increased the number of ex- 

periments which they are able to perform by factor of two to three. 

4. 



V. THE LlNC EVALUATION PROGRAM AS A TRAINING TECHNIQUE. 

I n  general, the experience gained w i t h  d i g i t a l  techniques has been of 

grea t  va lue t o  a l l  o f  us here. The i n s t r u c t i o n  i n i t i a l l y  received on 

LlNC was q u i t e  adequate w i t h  one exception. 

s i r a b l e  t o  spend more t ime on use and misuse o f  the var ious 1.-0 functions. 

It would have been very  de- 

I-t has been i n  t h i s  area tha t  most of our  nonproductive t ime has been 

spent. From the  o v e r a l l  p o i n t  o f  view, LlNC has been a most demanding 

teacher i n  i t s  own r i g h t .  I t  has changed and s i m p l i f i e d  our  approach t o  

many problems. I t  has a l s o  made poss ib le  experiments which would o the r -  

w ise  have been too t ime consuming t o  perform. 

Several undergraduate and medical students have gained p r o f i c i e n c y  i n  

systems programing on LINC. I t  i s  an e x c e l l e n t  machine from t h e  stand- 

p o i n t  o f  man-machine i n t e r a c t i o n  bu t  h igher  l e v e l  languages would g i v e  a 

more r e a l  i s t i c  i n t e r a c t i o n  t o  soph is t i ca ted  systems. 

VI.  COMPUTER PERFORMANCE 

The performance o f  LlNC i n  respect  t o  maintenance has f a r  exceeded , 

reasonable expectat ion. 

t h e  o n l y  f a i l u r e s  have been one bad cab le  connect ion and two ou tpu t  t ran -  

s i s t o r s  whose f a i l u r e  can be t raced t o  ex terna l  misuse. 

A f t e r  approximately 3200 hours o f  operation, 

Thk general performance of LlNC i n  the  l abo ra to ry  has been e n t i r e l y  

adequate and most rewarding. Most  o f  the  recommendations t h a t  come t o  

mind must be admi t ted t o  be generated by ou r  own spec ia l  requirements; 

however, there  a re  th ree  recommendations which i t  i s  f e l t  a re  of  general 

i n t e r e s t  to most users. 

The f i r s t  area i s  t h a t  o f  m u l t i p l e  word a r i t hmet i c .  Any i n s t r u c t i o n  

changes which would reduce program leng th  and running t ime would be a 

g rea t  help. 

s t r u c t i o n  and recovery of  both halves o f  a m u l t i p l y .  

These might  inc lude c l e a r i n g  the  accumulater on a LAM in-’ 

The second suggestion i s  to  make a1 1 o f  the  2K memory programable. 

Th is  would be very  usefu l  when per fo rming  complex computations and 
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I -  

would reduce the running time of a number o f  programs which we now oper- 

a t e  by min imiz ing  the number o f  tape t rans fe rs  involved. 

means o f  ach iev ing  t h i s  4s being t ransmi t ted  under separate cover t o  S.M. 

Or ins ten  a t  the Computor Research Laboratory. 

A t y o l )  would be extremely useful.  

slow, the reduc t ion  i n  programing t ime should s t i l l  be very  large. 

Mnemonic p r i n t - o u t s  o f  the  compiled program can a l l o w  the programer t o  

see e x a c t l y  what i s  happening and g i ve  him a framework i n  which t o  ge t  

machine code zonations. 

A suggested 

Our t h i r d  p o i n t  i s  t h a t  a problem-oriented compi ler  (e.g. a r t r a n  o r  

Even i f  the  compi la t ion  were somewhat 

The concept o f  what an  

V I  1. CONCLUS 

deal labora to  

ONS 

y computer should be w i  1 1  vary  

g r e a t l y  among var ious inves t iga tors .  From our  p o i n t  o f  view, LlNC has 

proven to be a very  use fu l  system. The ca re fu l  a t t e n t i o n  o f  t he  design- 

drs to  those p o i n t s  which are most important f o r  t h e  o n - l i n e  use o f  a 

computer i s  obvious and most g r a t i f y i n g .  

' I t  has become apparent t h a t  i n  t he  f u t u r e  we w i l l  want to have o n - l i n e  

computer c a p a b i l i t y  even greater  than t h a t  prov ided by LINC. Greater 

word l'bngth, h igher  A-D resolut ion, l a r g e r  memory, g rea ter  speed and smal- 

l e r  phys ica l  s i z e  w i l l  be the types o f  improvements t h a t  we w i l l  be look-  

i n g  f o r  i n  new machines. A system such as IBM's 1800 i s  a s tep  i n  the  

r i g h t  d i r e c t i o n .  

t h e  r e s u l t  o f  the use of LlNC i t s e l f .  We f e e l  t h a t  f u t u r e  developments 

must proceed i n  t h i s  d i r e c t i o n  if f u l l  advantage i s  t o  be taken o f  t he  

experience gained from the  L l N C  program. 

Th is  des i re  for a l a r g e r  c a p a b i l i t y  has c e r t a i n l y  been 

6. 
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Double P r e c i s i o n  Floating Point 
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G e n e r a l  , I n f o r n a t i o n  
1. A double  p r e c i s i o n  f l o a t i n g  p o i n t  word  c o n s i s t s  of  t h r e e  1 2 - b i t  

words i n  t h e  f o l l o w i n g  sequence: exponent ,  h i g h  o r d e r  word, low 
o r d e r  word .  The l a s t  two of t h e s e  a r e  c o l l e c t i v e l y  c a l l e d  t h e  

man t i s sa”  . II 

2 .  Exponent and a a n t l s s a  each  c o n t a l n  a s i g n  i n  t h e  l e f t m o s t  b i t ,  
i . e .  t h e  11 b i t  of t h e  exponent o r  23 b i t  of t h e  m a n t i s s a ,  

3 .  Tine man t i s sa  i s  a f r a c t i o n  between +1 and -1; t h a t  is, t h e  
dec imal  p o i n t  i s  assuroed t o  be a t  t d e  l e f t  o f  b i t  22 ,  

4. The man t i s sa  is l e f t  a d j u s t e d .  This  means t h a t  exoept  f o r  z e r o  
words, a l l  3 o s i t i v e  man t i s sa s  will c o n t a i n  a 1 i n  b i t  &?, and 
a l l  n e g a t i v e  words w i l l  c o n t a i n  a zero  i n  b i t  22 ,  

5.  I n t e g e r s  can and indeed m u s t  be used f o r  some o f  t h e  r o u t i n e s  
a v a i l a b l e . A T h e s e  a r e  a u t o m a t i c a l l y  f l o a t e d  b e f o r e  they  are uaed,  

6 .  A f l o a t i n g  p o i n t  accumulator(FAC) i s  main ta ined  i n  l o c a t i o n s  
1120,  1121, and 1122. I t  i s  used i n  t h e  same way t h a t  t h e  
r e g u l a r  accumulator  i s  used .  

7 .  The o t h e r  h a l f  of any operat- ibn is  c a l l e d  t h e  operand o r  argument,  
8 .  T’ne a d d r e s s  of a double  p r e c i s i o n  f l o a t i n g  p o i n t  word is t h e  

l o c a t i o n  o f  t h e  exponent .  I n t e g e r s  a r e  addres sed  a s  u s u a l .  

r e g i s t e r s  a r e  n o t  r e s t o r e d  on l e a v i n g  t h e  f l o a t i n g  p o i n t  package. 

\ 

I 

9 .  T’ne f l o a t i n g  p o i n t  r o u t i n e s  use index  r e g i s t e r s  ‘12-17. These 

10, Ent rance  t o  t h e  f l o a t i n g  po in t  package i s  accomplished by 
juinping t g  a t h r e e  i n s t r u c t i o n  r o u t i n e  l o c a t e d  some p l a c e  i n  
c o r e  ( s e e  ? n e x t  page ) .  

11. After . . the  l a s t  o p e r a t i o n  code t h e  program e x i t a  and c o n t i u e e  
e x e c u t i n g  r e g u l a r  Linc i n s t r u c t i o n s .  

12 .  There is no rounding o f f  wi thin t h e  f l o a t i n g  p o i n t  package, 

> 

. .  

J .  
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I n s t r u c t i o n s  for u s i n g  t h e  pa.ckaze 

I 
I .  

The f o l l o w i n g  sequence of i n s t r u c t i o n s  w i l l  s e r v e  a s  a n  example 
o f  t h e  n e c e s s a r y  fo rma t .  

176 
177 
200 
201 
202 

203 
204 
205 
,206 
207 

. 210 

Jmp 375 37 5, Lda 
0400 (operand  a d d r e s s )  

4001 ( o p e r a t i o n  code)  377 Jmp 1000 
0403 (operand  a d d r e s s )  
4002 ( o p e r a t i o n  code) 
0400 (operand  a d d r e s s )  
C O 2 3 -  ( o p e r a t i o n  code) 

376 0 

-. ---. Operand Address 
This  may be a d i r e c t  a d d r e s s :  4GO 

o r  aq  i n a i r e c t  a d d r e s s :  .4002 
o r  it may be ze ro .  

i 

1. I n a a  d i r e c t  addres s  t h e  l o c a t i o n ,  4G0, c o n t a i n s  t h e  exponent 

2 .  I n  a n  i n d i r e c t  addres s  t h e  index f e ~ i s t e r ,  2 ,  r e f e r s  t o  t h e  
of t'ne f l o a t i n g  po in t  word,  or an i n t e g e r  a s  t h e  case  may be. 

i 

cor re spond ing  addrese .  B i t  1 2 ,  t h e  4000, b i t  s i g n i f i e s  t h a t  t h e  
a d d r e s s  is i n d i r e c t ,  

3 .  A z e r o  o2erand r e f e r s  t o  t h e  f l o a t i n g  p o i n t  accumula tor .  Hence, t o  
squa re  a nunber i n  t h e  FAG, one e x e c u t e s  a m u l t i p l y  s p e c i f y i n g  a 
zero  operand . 
1. Opera t ions  a v a i l a b l e  a r e  l i s t e d  i n  t h e  f o l l o w i n g  t a b l e .  
2 .  The 4 0 0 0 , b i t  i n  t h e  o p e r a t i o n  code i s  used t o  i n d i c a t e  whether  

t h i s  oger-at ion i s  t'ne l a s t  i n  a s e r i e s .  I n  t h e  example above, 
if t h e  n v t  l o c a t i o n  f o l l o w i n g  t h e  code 0023 con ta ined  0400, 
t'fiis waul-d be i n t e r p r e t e d  as  "sxl". I f  t h e  l a s t  code had been 
4623, t h e n  t h e  nex t  l o c a t i o n  w o u l d  be t h e  a d d r e s s  of  an  operand.  

3 .  Some_o?era t ions ,  f i x  and s i g n ,  a r e  meaningless  unless t h e y  are 
t h e  1 ,as t  i n  a s e r i e s  s i n c e  the  r e s u l t  i s  left in t h e  r e g u l a r  
accuinuln t o r .  

Opera t ions  

. 



T a b l e  d f  codes  and o p e r a t i o n s  

1 

2 
3 
4. 
5 
6 
7 
IO 
17 

12 

13 

7 4 .  
15 
16 
17 
20 

21 

22 

23 
,24 
25 

- Code Opera t ion  
Cla  
Add 
corn 
I iu l  
FAC/O? 
OP/FC. c 
I+FkC 
IxFA C 

I/Fk C 
F i x  

I”kC/I 

F l t  
C l r  
Max 
X i n  

Clear and add opersnd t o  FAC. 
Add a f l o a t i n g  p o i n t  word t o  FAG. 
Complement operand;  l e a v e  i n  FAC. 
M u l t i p l y  FAC t imes  f l o a t i n g  p o i n t  word, 
Divide Fac  b y  f l o a t i n g  p o i n t  word. 
Div ide  operand by FAG, r e s u l t  i n  FAC. 
Add a n  i n c e g e r  t o  F A G  
M u l t i p l y  FAC by a n  i n t e g e r .  
Div ide  FAC by an i n t e g e r .  
Div ide  i n t e g e r  by FAG, r e s u l t  i n  FAC. 
Convert  a f l o a t i n g  p o i n t  word t o  a n  i n t e g e r .  R e s u l t  
i s  l e f t  i n  r e g u l a r  accumula to r .  
F l o a t  a n  i n t e g e r ,  r e s u l t  i n  FAG. 
Zero p u t  i n  operand and Y A G .  

I 

\ 

Compare s i z e  o f  operand w i t h  FAC. L a r g e r  l e f t  i n  FAC. - -_ 
’ I ?  I? 11 S m a l l e r  17 11 . 

S Gn If  operand i s  less t h a n  z e r o ,  -1 i s  l e f t  i n  r e g u l a r  ace .  

If operand i s  g r e a t e r  t h a n  z e r o ,  +l i s  l e f t  i n  reg .  a c c I  
Ir,crement operand by FAZ, l e a v e  i n  F a c - a s  well., T h i s  is  
e q u i v a l e n t  t o  an sdd  t o  qemory. 

S t o r e  FAC i n  a d d r e s s  of operand.  Leave i n  FAC, 
S e t  s i g n  o f  operand p l u s ;  i . e ,  complement i f  n e g a t i v e ,  

0 If operand equa l s  z e r o ,  0 i s  l e f t  i n  r e g u l a r  a c c .  

i n c r  
- .  

Sub -Subtract operand from FAC. Result ileflt An XhC\. ’ -- ------------- - 
S t o  
SSP 

S SM S e t  s i g n  o f  operand minus;  1’ 17 11 p o s i t i v e .  
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I 4 

T h c  LISC 

T h e  LIh'C i s  a S i n a r y ,  1 2 4 1 6 ,  2948-word, d i g i t a l  computer. The c o r e  

i s  d iv id2d  i n t o  e i g h t  l 'quar iers l ' ,  each q u a r t e r  be ing  256 words long. 

Q u a r t e r  0 c o n r a i n s  c e l l s  G through 377 , q u a r c e r  1 c o n t a i n s  c e l l a  400 

Chrough 777,  ecc. LISC t a p e s  a r e  d i v i d e d  i n t o  1000 b l o c k s ,  each b l o c k  

be ing  400 words lozg. Thus ,  for example, t h e  rape  r ead  i n s t r u c t i o n  r e p l a c e s  

t h e  c o n f e n t s  of one q u a r r e r  of L I N C  ineinory w i t h  t h e  c o n t e n t s  of one t a p e  

b lock ,  T h e r e  are two t a p e  u n i t s  on the L I N C ,  u n i t s  0 and 1. 

* 

The LI:\'C O-,zrclting S y s t e x :  LOSS 

LGS$ i s  bzsed on a h i g h l y  s t r u c t u r e d  u s e  of b o t h  t a p e  u n i t s  as w e l l  

as che v a r i o u s  quariers of menory. LGSS s t r i v e s  t o  p rov ide  a framework 

i n  wnichiconu;lunication among L1NC;programs i s  ve ry  simple, t h u s  a l lowing  

complex o p e r a z i o n s ,  such as compi l ing ,  t o  be  accornpl.ished through t h e  

s m c e s s i y e  e f f o r t s  of reiaLiveiy sinpls p,rograns. T h i s  framework of 

simple c q m u n i c a t i o n  i s  based  on t h r e e  a r t i f a c t s :  (1) the  RECURSIVE 

OVEqLAY, 1 ( 2 )  t h e  BUFFER, and (3)  TEXTS. 

T h e  E C L X I S i V E  OVERL.4Y 

L'cl?$r LOSS, t a p e  u n i t  0 i s  r e s e r v e d  f o r  a program s t a c k  and a n  

o v e r l z y  s t a c k .  

a v a i l a b l e  LO b e  n n  on t h e  LiNC under LOSS. Each of the programs i n  t h e  

stack is c i d e n t i r ' i e d  by a number, P r o g r m  1 occup ies  b l o c k s  11 through 15, 

The program s t a c k  c o n s i s t s  of t h o s e  programs which are 

I, 

k 
F r q  nqw on, Laless o t h e r w i s e  noted, numbers are i n  the o c t a l  system. 



2. 

prograa  2 occup ies  b locks  21 through 25, e t c ,  

fo l lowing  t h e  t o p  of t h e  program s t a c k .  During e x e c u t i o n ,  a program 

occupies  o n l y  q u a r t e r s  1 through 5. Q u a r t e r  0 c o n t a i n s  a number of r o u t i n e s  

whicn are  used by L I N C  programs. 

cedure  which a l lows  any program i n  t h e  program s t a c k  t o  be  c a l l e d  l i k e  a 

The o v e r l a y  s t a c k  b e g i n s  

One of t h e s e  r o u t i n e s  i s  a n  o v e r l a y  pro- 

subroucine .  

p r o p a n  s t a c k  and t h a t  program 3 ,  c u r r e n t l y  under e x e c u t i o n ,  w i shes  t o  

c a i l  program 2. I n  t h i s  c a s e  program 3 merely p l a c e s  t h e  number 2 i n  t h e  

a c c u m l a t o r  znd t r a n s f e r s  c o n t r o l  t o  t h e  o v e r l a y  r o u t i n e .  

rou*iiae (1) saves  t h e  a d d r e s s  frqm which i t  was c a l l e d ,  ( 2 )  wr i tes  q u a r t e r s  

1 through 5 o n , t a p e ( a t  t h e  top  of t h e  o v e r l a y  s t a c k ,  s a y  b locks  61.through 

65) ,  (31, r e a d s  program 2 (b locks  2 1  thropgh 25) i n t o  c o r e  and ( 4 )  b e g i n s  

As a n  example, suppose t h a t  t h e r e  are f o u r  programs on t h e  

The o v e r l a y  

r 
1 e x e c u t i q n  a t  c e l l  400. When program 2 has  completed i t s  e x e c u t i o n  (which 

n a y A h a v g  inc luded  o v e r l a y s  of ot4er programs, i n  which case program 2 would 

haye beqn w r i t t e n  on b locks  7 1  through 75) it merely  r e t u r n s  c o n t r o l  t o  t h e  

o v e r l a y  r o u t i n e  which reads Sack i n  program 3 from t h e . o v e r l a y  stack and 

r e t u r a s  s o n t r o l  t o  t h e  c e l l  saved, a t  s t 2 9  (1)  above. 

, The'power o f  t h i s  syscen  is shown by t h e  fact t h a t  i n  t h e  p reced ing  

exanple  p rogran  2 was a b l e  t o  pertorm i t s  f u n c t i o n  wi thou t  knowing what 

progFarn $ad called i t  nor  i n  w h a t  dep th  of r e c u r s i o n  t h e  o v e r l a y  p r o c e s s  

w a s  , c u r r e n t l y  involved .  

'. > 

The Z U F l Z R  , 

, l&ii&c t h e  elements of mathemat ica l  or l o g i c a l  o p e r a t i o n s  are v a r i a b l e s  

o r  a r r z y s  ( s i n g l e  c e l l s  or blocks  of consecu t ive  c e l l s ) ,  t h e  e lements  of 

suc'q o p q a t i o n s  as input-out?ut o r  of :nter-program communications are 

, 



.-i .. 
I .  

3.  

LISTS,  where t h e  e l e n e n t s  of a LIST are e i c h e r  v a r i a b l e s  or  a lphanumeric  

STRIGGS. I n  o r d e r  t o  a l l o w  f o r  t h e  manipulaLion of such LISTS,  LOSS i n c l u d e s  , -  

a genera? p u r p o s e  BUFFER (beginning at c e l l  3000) t o g e t h e r  w i t h  two p r o c e d u r e s ,  

?UT and GET,  l o c a t c d  i n  q u a r t e r  0. The EUFFER i s  a pushdown s t a c k  whose u n i t  

of s t o r a g e  i s  a RECORD. The arguments t o  t h e  PUT procedure are one o r  more 

LISTS;  chese LISTS are combined by PUT t o  form a RECORD which i s  p laced  o n  

top of che BUFFER, S i m i l a r l y  GET($$L) causes  ehc v a r i a b l e s  of t h e  LIST L 

t o  assume t h e  v a l u e s  found i n  t h e  to;, RECOXD of t h e  BUFFER , which RECORD 

i s  t h e n  e r a s e d  from t h e  BUFFER. S i n c e  a n  OVERLAY a f f e c t s  o n l y  q u a r t e r s  

1 qhrough 5,  t h e  c a n o n i c a l  way f o r  programs t o  t r a n s m i t  parameters  t o  each  

o r k r  is“ by means of t h e  EUFPZR. \ 

3 

- .. 
TEXTS 

LOSS reserves t a p e  u n i t  1 for che s t o r a g e  of TEXTS. A TEXT i s  a group 

of c p n s e c u t i v e  t a p e  b l o c k s  preceded by a few s p e c i a l  code words and a five 

c h a r a c t e y  nane. TEXTS a r e  grouped t o g e t h e r  t o  form BOOKS, e i ch  BOOK b e i n g  

1 0 0 < t a p e ; b l o c k s  long. 

comprises b l o c k s  100 through 1 7 7 ,  e tc .  The G’th b l o c k  of each BOOK i s  an 

indgx wh$ch c o n t a i n s  t h e  names of a l l  t h e  TEXTS ( i n  a l p h a b e t i c a l  o r d e r )  i n  

i t s , E O O K  t o g e t h e r  wi th  t h e i r  s i z e  and i n i t i a l  b locks .  T h i s  formalism i s  

n o t  n e a n t  t o  r e s t r i c t  t h e  k ind  of i n f o r m a t i o n  which can  b e  s t o r e d  on t a p e ,  

b u t  r a t h e r  makes i t  p o s s i b l e  f o r  a l l o c a t i o n  of t a p e  s t o r a g e  space t o  become 

a u t o n a c i q  and sonewhat r e s i s t a n t  t o  d e s t r u c t i v e  over-wri tes .  A t  t h e  same 

t h e  a 3l,ock nurnber t o g e t h e r  with t h e  f i r s t  two le t te rs  of i t s  name become 

a c o n c i s q ,  a s  well as a s e c u r e l y  redundant ,  way t o  r e f e r  t o  TEXTS. 

Thus BOOK 0 comprises  b l o c k s  0 through 77 ,  BOOK 1 



- ,  4 .  

The LINC !4O?IITOR 

The L I N C  XOSITOR i s ,  by convent ion,  program 1 on t h e  program s t a c k .  

I t s  o n l y  c a p a b i l i t i e s  are  t o  accept  i n s t r u c t i o n s  from t h e  t y p e w r i t e r ,  t o  

perform s i m p l e  o p e r a t i o n s  upon the b u f f e r ,  and t o  o v e r l a y  any of t h e  programs 

on t h e  progran  s t a c k .  Xts s p e c i f i c  o p e r a t i o n s  a r e :  

DISPTLAY n n a n  o c t a l  i n t e g e r ;  t h e  n ' t h  RECORD of t h e  

BUFFER i s  d i s p l a y e d  on t h e  scope. 

TYPE n The n ' t h  RECORD i s  typed. 

EXECUTE n 

E U ~ E  n 

PUT?(L> 

The n ' t h  program oil t h e  s t a c k  i s  over layed .  

n RECORDS are e r a s e d  f rom t h e  top of t h e  BUFFER. 

The LIST' L i s  p laced  on t h e  BUFFER. L ' c o n s i s t s  

of o c t a l  i n t e g e r s  and alphanumeric  STRIXGS. 

STRING, i n  t h i s  s e n s e ,  begins  w i t h  t h e  c h a r a c t e r  

A 

' I  and i s  te rmina ted  by % . 
1 

S i n c e  LOSS i t s e l f  i n c l u d e s  a method for r e f e r r i n g  t o  and i o a d i n g  programs, 

i . e . ,  t h e  OVERLAY, t h e  MONITOR does n o t  r e q u i r e  a " loader"  o r  a l i s t  of 

a v a i l a b l e  "sys  rems". 
i 

Richard Moore 
March 8 ,  1965 



Gcneral D e s c r i p t i o n  

3LIX; i s  a v e r s i o n  of S u b a l g o l  des igned  f o r  u s e  w i t h  t h e  L I N C  computer.  

Programs v e r y  similar to S u b a l g o l  programs a r e  t r a n s l a t e d  on t h e  7090 by the 

S L I N K  cor ip i le r  (which i s  w r i t t e n  i n  S u b a l g o l ) ,  i n t o  r e l o c a t a b l e  L I N C  code. 

Rcservsl !?ord Char-ges with Sexant ics  

3LISK has no “ l i b r a r y  procedures“ ,  though i t  r e t a i n s  a l l  of S u b a l g o l ’ s  

11 i n t r i n s i c  f u n c f i o n s ” .  

s p e c i a l  mear,ing i n  i i L I h X :  \ 

The fol lowing Subalgol  r e se rved  words are  w i t h o u t  
. ;  

STO?, S X L T ,  SHRT, E X T R ,  STATEXENT, W I L E ,  SEGXEXT,  N O K I T O R ,  STEP, 
. . .  

- I:;PTT- u A ,  OUTPUT, TRACE,  D P 2 E C I S I O K ,  LIBWiRRY, CARDREAD, P R I N T O U T ,  

COSPLZX, RE, IX, URITE, READ, SQRT, ’LOG, EXP, SIN,  cos, TAN, 

ESTIXZ,  S I X 3  , COSH , T A X I ,  ARCTAlY, i R O N U  ARCSIN,  ARCCOS , RCARD , 

REAnM, N U T E X ,  CiiECXX, MOVEX, M O V E F I L E ,  ENDFILE, REWIND,  UNLO.0 ,  

T h c  fol$owing r e se rved  words a r e  gnt roduced  o r  r e d e f i n e d  w i t h  BLINK: 

A. R O T L ,  ROTR,  S C L R  H. I N C R .  

, 3. CTCLR, STCOX, STSET I. OVERLAY 

; c .  LDA J. S T R I N G  

;D. STA 

- 2 .  DO 

, F. R E P E A T  

K. LIST 

L. PUT, GET 

M. RESTART 

, G. RDC,  RCG, X T R ,  WRC, N. *GETCOR 

WCG, W R I ,  C’riic, RDE, 0. EXTEItUAL 



b ' .  2.  

XI. 

A .  

B. 

C. 

D. 

11, 12, .... I7 
X ,  MF, XI1 

I l l ,  X21, e . . .  I 7 1  

POINTER 

* I J i t h i n  BLINS examples, nunbers are dec imal  u n l e s s  p l aced  i n  double  quo tes .  

Corrcsponding Semantics 

I. 

A .  

B.  

~ ( c .  

D. 

E. 

ROTL(N,OPERA?lD) : I n t r i n s i c  f u n c t i o n ;  arguments type  i n t e g e r ;  

r e s u l t  type  i n t e g e r ;  cor responds  t o  ROL i n s t r u c t i o n ;  a s  i n  la ter  

i ~ t r i n s i c  f u n c t i o n s ,  t h e  e f f e c t  of t h e  i - b i ?  i s  o b t a i n e d  by u s i n g  

q v a l u e  of N > 17. 

BTCLR(MASK,OPE+YD) : I n t r i n s i c  f u n c t i o n ;  t ypes  i n t e g e r ;  

cor responds  t o  BCL, e t c . ;  as w i t h  ROTL c lass  f u n c t i o n ,  a c o n s t a n t  

f i r s t  argument n a t u r a l l y  reduces  l e n g t h  of r e s u l t i n g  code. 

LDA(<arb i t ra ry  a r i t h m e t i c  expres s ion>)  : Express ion  i s  cal- 

c u l a t e d  and placed i n  accumula tor ;  i f  of t ype  f l o a t i n g ,  i t  i s  

t r u n c a t e d  t o  a n  i n t e g e r ;  u s e f u l  i n  connec t ion  w i t h  DO and STA 

as mentioned below. ; 

S T A ( < s i m p l e  variable:) : Contents  of t h e  accumulator are p l a c e d  

i n  t h e  s imple  v a r i a b l e .  

DO(<integer a r i t h m e t i c  expres s ion>)  : Express ion  i s  e v a l u a t e d ,  

t r e a t e d  as a LINC i n s t r u c t i o n  and execu ted ,  e b g . , *  

\ 

LDA(I)$ , 

DO("470") $ COMMENT AZEi$ 

GO TO L$ 

SWJH , 



3 .  

I "  

is identical in effect to: 

EITIIER IF I EQL O$ GO TO L$ 

OTHERWISE $ J= I $ 

The DO function, however, is of only dubious value as a tool 

to create tight code; its real purpose is to allow the use of 

external device communication instructions in BLINK programs, 

e.g., PPR, SNS, etc. 

' 

F. REPEAT(<integer expression>)$ <statement>$ : Identical in 

effect to: 

DMYl=<integer expression>$ ' 

\ 
1 \ !  FOR DMY2=($,l,DWlj)$ <statement>$ 

except that the REPEAT loop is more efficient and does not 

change the value- of cany variable in its indexing. 
- 

G. RDC(i,u,QNMUR,BWRX : Identical to LAP, expept that i and u 

are represented by q t O  or 1,. 

H. INCR(<expression>,<yariable>) : Identical in effect to: 

<variable>=<variable>+<expression> 

except that if the variable is subscripted, INCR calculates 

the subscript only once and,INCR is a function having the new 

value of <variable> as its value. 

I. OVERLAY<integer expression> : The OVERLAY* routine is entered 

with the integer expression in the accumulator. 

J. STRING<identifier>(<,integer%)=(<alpha string>) : The STRING 

declaration is identical to the ARRAY declaration, except that 

only a single dimension, and no irregular subscript ranges, are 

allowed. The effect,oE the ;STRING declaration is different in 

* The reader should be familiar wi:,h LOSS at this point. 

i 
! ! I  



- ------- - -- __- . - -. ~ -_LI- --+- ----,- 1 .----* - - -. -_- ----- -- -- -- _l__ 

.. 4 ,  
r ,  

t h a t  t h e  z e r o ' t h  p o s i t i o n  of t h e  STRING (even though n o t  r e q u e s t e d  

. 

i n  t h e  d e c l a r a t i o n )  i s  r e s e r v e d  and f i l l e d  w i t h  t h e  s i z e  of t h e  

STRING, t h i s  in format ion  be ing  n e c e s s a r y  t o  t h e  PUT and GET 

r o u t i n e s .  

through s u b s c r i p t i o n .  

c h a r a c t e r s  of t he  STRING S.  

STRINGS may b e  manipulated word by word, as a r e  ARRAYS, 

Thus S(1)  r e f e r s  t o  t h e  f i rs t  and second 

- K. LIST : The LIST d e c l a r a t i o n  i s  i d e n t i c a l  t o  t h e  Subalgol  OUTPUT 

d e c l a r a t i o n  except  t h a t  a STRING name (fol lowed by empty p a r e n t h e s i s  

i s  allowed as a LIST element ,  and f u l f i l l s  t h e  r o l e  se rved  by t h e  

alphanumeric  i n s e r t i o n  p h r v e  i n  Subalgol .  

somewhat more e l e g a n t  t h a n  9 Subalgol  INPUT o r  OUTPUTklist s i n c e  

9 LIST can be  used @r e i t b r  i n p u t  o r  o u t p u t  ( i . e . ,  as argument 

of e i t h e r  PUT orGETJ,.and gnc ludes  t h e  t y p e s  of i t s  e lements ,  

t h e r e f o r e  needing n q  accomppnying FORMAT (which concept  t h e r e f o r e  

f a i l s  t o  e x i s t  i n  BLINK). 

4 LIST, however, i s  

L. PUT,GET : These aqe simply procedures  (always i n  c o r e )  which 

can have any numberpf  LIST$ as program r e f e r e n c e  parameters .  

M. RESTART : When seyeral BLFNK programs are t o  b e  compiled d u r i n g  

t h e  same 7090 run ,  t h e  non-fast  programs u s e  RESTART t o  t e r m i n a t e  

compi la t ion  r a t h e r  than  FXNISlI. 

i n s t e a d  of  r e t u r n i n g  c o n t r o l  t o  t h e  moni tor ,  

RESTART r e l o a d s  t h e  BLINK compi le r  

N. *GETCOR<integer><identifier: : T h i s  i s  a c o n t r o l  c a r d  r e c o g n i z e d  

by BLIhX. 

complet ing t h e  compiler  o u t p u t ,  t h e  i n d i c a t e d  d i s c  f i l e  ( r a t h e r  

than  t h e  compiler)  i s  loaded,. 

*GETCOR i s  s i m i l g r  t o  RESTART, e x c e p t  t h a t  a f t e r  

, .I 
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I 
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I 

0. EXTEELUAL PROCEDURE, EXTERNAL SUBROUTINE : These d e c l a r a t i o n s ,  

i d e n t i c a l  t o  those  i n  Suba lgo l ,  a l l ow l i n k a g e s  t o  be  c r e a t e d  on 

t h e  LINC between BLINK subprograms and subprograms c r e a t e d  by 

means o t h e r  t han  the BLINK compi le r .  

11. 

A. Unl ike  Subalgol ,  BLINK has  .reserved v a r i a b l e s .  11 through I 7  

( index  r e g i s t e r s ) ,  are s imple  v a r i a b l e s  of t y p e  i n t e g e r  w i t h  

a b s o l u t e  addres s  1 through 7 ,  r e s p e c t i v e l y .  These v a r i a b l e s  

are  GLOBAL and t h e i r  v a l u e s  are n o t  r e s t o r e d  a f t e r  an o v e r l a y .  - 

B. M,,MF, and MH a r e  GLOBAL a rqays  w i t h  a b s o l u r e  b a s e  a d d r e s s  of 

0, 

These are used . to -_grea t  advgntage t o g e t h e r  w i t h  I1 through 17: 

M ( I 1 )  = M(IJ)$ r e s u l t s  i n  t h e  e l e g a n t  code 

I d \ 

T h e i r  types  a r e  i n t e g e r b  f l o a t i n g ,  and half-word, r e s p e c t i v e l y .  

LDA 2 ,  STA 1 

C. 111, ... , I 7 1  a r e  psed  i n  con junc t ion  w i t h  t h e  M() and M H O  a r r a y s  

i n  o r d e r  t o  refeteiicg c o n s e c u t i v e  words, o r  half-wctrds, of c o r e .  ~ . -  i 
A s  an  example, t h e  fo l lowing  s t a t e m e n t s  r e p l a c e  t h e  c o n t e n t s  of 

q u a r t e r  5 by t h e  consen t s  of q u a r t e r  4 :  

I1 = "3777" i I 2  = "2377" ; 

REPEAT "400" ; M(I21) = M(I1I) ; 

COMMENT LDAil , ST4i2 ; 
Thus t h e  v a l u e  of the  i n d i c a t e d  index  r e g i s t e r  i s  incremented 

b e f o r e  i t  i s  used as a s u b s c r i p t .  When t h e  above program i s  

completed, 11 w i l l  c q n t a i n  "2377" and I 2  w i l l  c o n t a i n  "2777" a 

(It i s  a q u i r k  of izhe LINC +at  t h e  c o r e  i s  l o g i c a l l y  d i v i d e d  

i n t o  h a l v e s ;  thus  ?777 i s  t h e  p redecesso r  of 2000 and 1777 is 

t h e  p redecesso r  of 0.J 



.. 
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I n  t h e  case of half-words, index  r e g i s t e r s  are incremented by 

4000 r a t h e r  than  by 1. 

thr-ough t h e  c h a r a c t e r s  of  q u a r t e r  4 ,  i t  would assume s u c c e s s i v e l y  

t h e  v a l u e s  2000, 6000, 2001, 6001, 2002, etc. The 4000-bit  

Thus i f  a n  index r e g i s t e r  were s t e p p i n g  

i n d i c a t e s  t h e  r i g h t - h a l f  of t h e  word; 

An index  r e g i s t e r  can b e  made t o  p o i n t  a t  a v a r i a b l e  by a s t a t e m e n t  

I 

~ of t h e  form I n I = < v a r i a b l e >  . The code g e n e r a t e d  is: 

SET i n 

c v a r  i a b  l e  l o c a t i o n >  

k 

The followinp, program p l a c e s  t h e  c h a r a c t e r s  of t h e  STRING S() i n t o  
- 

q u a r t e r  7,  p u t t i n g  one c h a r 3 c t e r  ( r i g h t  j u s t i f i e d )  i n t o  each word. 

STRING S (20),= ( a l p 9  s t r i n g  ) ; -. 

17I~"3377" ;  ( ~ ... 

CONMENT: There i s  c a n o n i c a l  correspondnece between 
r e g i s t e r s '  and q u a r t e r s .  

I2I=S (0) ; Ii=I2+"4000" 1 ; 
4 . 

L REPEAT 40;  M(I71)=?&(121) ; 

COMMENT: LDHi2 , STAi7 $ 
! 

D. POINTERis t h a t  c e l l  ("155") i n  QUARTER 0 which p o i n t s  t o  t h e  t o p  

of t h e  BUFFER. The statement . POINTER=M(POINTER) would erase 

one r e c o r d  from t h e  BUFFER. I f  w e  assume t h a t  t h e  t o p  r e c o r d  of  

t h e  BUFFER begins  wi th  , a n  a l p h a b e t i c  i t e m ,  t h e n  t h e  s t a t e m e n t :  

I 2=M (P 01 NTER) +Ir 4 0 0 1 I . j  ; 

would allow MN(I2I) t o  reference s u c c e s s i v e  c h a r a c t e r s  of t h a t  

f i r s t  i t e m .  

i 



A P P E N D I X  1: QUARTER 0 11 /11  i n d i c a t e s  da t a  l o c a t i o n  
' 

Gllnol S T C  16 m2CIGl STC 21vI 

01227 P D D  Gl 
/Gl13vI HLT lG? @ % 3 V  STC 2 7 1  
/ 0 1 3 1  S T C  136 9231  J N P  % @  

I7132 P D D  2 c1 In232  K O L  3 
/#2113 S T C  2 7 6  

In23b JMP 2 7 1  
rn1.33 J w r  7 d 

/ 0 1 . 7 4  J?iP 13112 
/ a , i 3 s  H L T  ! G E T ~ C L  ~ 2 3 5  A D D  ii) 

M236 STC 2 4 3  R E T U R N  GI336 JI"lP Li6 

' @ 2 3 7  JPIP 154  01337 STC 3 4 1  
/ f l l 3 h  H L T  

mi37 L D A T ~ ?  

 mid^^ STC I @  STRIFiG : ? P A 4  A D D  fi 
ml45  JMP 135 B 2 L 5  JMP 7 4  

STEP m l 4 h  X S K t  1F1 I n 2 4 5  JMP 16[11 

EXIT m 1 5 m  L D A  J N r  (4250 LDAt i7  
/ @ 2 4 7  HLT 

r1151 136 - 0 2 5 1  STC 13 
67152 STC 2 4 3  171252 A D D  2 4 7  
m153 JMP 2 4 1  @253 STC 2 7 1  
@ 1 5 4  SET7 11: 

m 1 5 6  L D A  1 1  01256 COiM 
n 1 5 7 .  J M P  r/r P257 SRO 

* m l 6 M  LDP 1,)26(4 2 7 6  
(1161 1 1  - G1261 PDD 2 6 4  
n 1 6 2  STC 155 @ 2 6 2  JiYP 2 7 4  

U P S 4  JMP 4 6  
POINTERG7155 3146 ' fl255 L O A  13 

0 2 6 5  STC 13 

M267 JNP 7 4  
~ MP66 A D D  01 

- 10279) JiMP 1601  

/r/)272 Ji4P 46 
/ @ % 7  1 t iLT 

7 '7273 L D A t l 7  
@ 2 7 4  STC 17 
M275 S H O T  
n n 7 t  -A 



A??ENDIX 11: LOSS Character Codes. 

CO ilE - CHARACTER 

00 
0 1  
02 
03 
04 
05 
06 
07 
1 0  
11 
12  

I 

( 
1 * 
f 13 

14 
15 
16 

7 3 -  ' 20 
1 I 21 
2 22 

J :  17 

3 
4 

7 
0 '  
9 

# 

< 

23 
24 
25 
26 
27 
30 
31 ' 
32 
33 
34 

? 

CHARACTER - CODE 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M. 
N 
0 
P 

41 
42 

@ 43 
44 
45 
46 
47 
50 
51 
52 

55 
56 
57 
60 

Q 6 1  

63 U 66 

(carr. Z ret. ) 73 

v 
w 
X 
Y 

67 
70 
71 
72 

(end of text) ' *  74 

;> . 
-? 1 
3 

36 code derivation8 
37 
40 LDA I 

(teletype code) 
GOK 
ADA i 
0 277 
SCR L 

E .. 

\ 
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ADpendix 111: A D e t a i l e d  Desc r ip t ion  of LOSS, E s p e c i a l l y  QUARTER 0. 

SAVE AND RESTORE: 

These r o u t i n e s  govern a push-down s t a c k  whose p resence  a l l o w s  t h e  o t h e r  

r o u t i n e s  of QUARTER 0 t o  be r e c u r s i v e .  

JZ?P SAVE 
LOCATIONl . 
LOCATION 

LOCATIONn-t4000 

P(3,Y$Z$Ll,L2) . . . ( a  procedure  c a l l )  

w'njch wquld be  e q u i v a l e n t  t o  the , . fo l lowipg  LINC code: 

3 
causes  ;the n l o c a t i o n s  t 'ogether w i t h  t h q i r  c o n t e n t s  t o  b e  saved on t h e  t o p  

of t h e  push-down stack. The c a l l  JMP RESTORE causes  t h e  topmost l i s t  

of ,  1oca;tions on t h e  s t a c k  to b e  r e s t o r e d  t o  t h e i r  former  c o n t e n t s .  \ T h i s  

push-doyn s t a c k  occup ies  cel ls  3900 t o  g 4 0  and i s  c a l l e d  t h e  SAVE-BUFFER, . -. _ _  
a s  pppoaed t o  t h e  PUT-BUFFER whiqh beg ins  a t  3140. 

PAMElS : 

Consider  t h e  BALGOL s t a t emen t :  

LDA 
Y 
STCW-3 
JNP P 
0003 
0000 

4 

? 

i 

JXP L2 

Value parameters  are t h u s  r e p r e s e n t e d  by t h e i r  v a l u e s  i n  t h e  c a l l i n g  sequence ,  

name p a p m e t e r s  by t h e i r  addressei;,  and program r e f e r e n c e  pa rame te r s  are 

preceded by t h e  JMP p r e f i x .  
I 

3 



2. 

The heading of procedure P( )  might appear  as follows: 

P: LDA 
0000 
JMP PARAMS 
7405 

R: 0000 
0000 
0000 
LDAiI7 

STA l i s t  €o r  Z 

STA l i s t  f o r  ti 
LDAiI7 1 

1 etc.  

W'ere 7405 d e r i v e s  from t h e  formula lOO(76 - no. o f  v a l u e  params) + (no. 

of p a r a n s ) ,  R w i l l  be  a s s igned  the  r e t u r n  addres s  f o r  each c a l l  of P o  , 
i 1 

and Ri-1 and R+2 w i l l  b e  ass igned  t h e  v a l u e s  c o f  t h e  two v a l u e  parameters .  
. !  

Index r e g i s t e r  17 i s  l e f t  by the PARAMS r o u t i n e  so  t h a t  t h e  non-value \ 
para-  

. (  I .  

I *  . 
i 

meters  can be convenient1y .obta ined  and s t o r e d  where r e q u i r e d  i n  t h e  body of 
. .-- .. - _  - .  

P O  

REPEAT : 

The program 

r 
i JPP PRPEAT 

JMP PAST 
6 0005 

1 code 

J W  STEP < ( 

I @ST: etc.  

causes  "code" t o  be  executed 5 t i m e s .  REPEAT i s  comple te ly  r e c u r s i v e  ( i . e . ,  

many REPEAT loops may be  n e s t e d ) ,  and i s  the  s o l e  u s e r  of index  r e g i s t e r  10. 

A RljPEAT loop can be te rmina ted  on ly  by complet ing t h e  f u l l  number of i t e r a t i o n s ,  

o r  a l t e q n a t i v e l y ,  by execu t ing  the  i n s t r u c t i o n  JMP EXIT w i t h i n  t h e  loop. 

t he  count  parameter  (5 i n  t h e  above example) is  z e r o  or n e g a t i v e ,  t h e  loop 

I f  



i s  no t  executed a t  a l l .  

PUT and GET: 

These can  b e s t  b e  explained through an  example. The fo l lowing  program 

w i l l  replace each i t e m  i n  t h e  LIST L2 by the  cor responding  item i n  t h e  LIST L l .  

A , B , X , Y ,  are variables and S1() and S2()  are s t r i n g s .  

s t a t  eincn t s : 

F i r s t ,  t h e  Balgol  

STRING S1(5 )= (  'ALPHAS') , S 2 ( 5 ) ;  
LIST L l ( A , B , S l ( ) )  ,L2(X,Y,S20)  ; 
PUT(;;Ll);GET(;;L2); 
e t c .  

( i 

Nexr, t h e  cor responding  L I N C  code: 

JMP PUT 
L J41p L 1  

< ,- . .- . -. '~ --__ *-- -I ._ -, 
JW GET ---_____ 
J'MP L2 
JXP GET.CL ' 

1 L e t c .  
L1:ADD 0 

> 

j J?P LST.OP 
J 

LDA i 
7' A 

JNP LST.EL 
3776 . . . 
L D A i  
I3 
JhlP LST.EL 
3776 
JMP STRING 
s1 
JNP LST.CL 

L2:ADD 0 
e t c . .  . . 
JAW LST.CL 

S 1 : 0 0 0 5  
4154 
6050 $ 

4163 
7474 
0000 
7 4 7 4  

S2:0005 
0000 
0000 
0000 
0000 
0000 
7474 

1 

\ 

i 

(control1 w o r d ; , t h e  f i r s t  d i g i t  i s  type:  3 is 
integer, ,  7 a l p h a b e t i c ,  and 1 f l o a t i n g .  The 
n e x t  3 , d i g i t s  c o n t a i n  t h e  complement of t h e  
s i ze  of the .  i tem.) 

I 

( s t r i n g  s i z e )  ' 

(end coae) 

( '  e x t r a  margin '  end code) 

c 
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4 .  I 

The BUFFER: 

T h e  BUFFER has  a l i n k e d - l i s t  s t r u c t u r e ,  t h e  top  of which i s  POINTER 

( c e l l  1 5 5 ) .  

v a l u e s  7 and 2 4 ,  r e s p e c t i v e l y ,  then a f t e r  t he  s t a t emen t  

CUFFEX would have the  fo l lowing  appearance: 

I f  i n  t h e  prev ious  example w e  assume t h a t  A and B have t h e  

PUT(;;Ll) , t h e  

LOCATION/CONTENTS 

0155 3154 
3140 
3141  
3142  
3143 

i I 3144 
3145 

1 3146 
3147 

* I  3150 
3 1 5 i  

1 3152 
3153 

i 3154 

0000 . . . n u l l  c o n t e n t s  deno te  BUFFER bottom 
3776 
0007 
3776 
0024 
7 7 7 1  
4154 
6050 
4163 
7474 ----.._ 
0000 P 

7474 
3140 

\ 

? 

----_ - 
, 6 

, c 

1 

I f  GET i s  eve r  en te red  when t h e  BUFFER is empty, i .e. ,  when l o c a t i o n  155 

c o n t a i n s  3 1 4 0 ,  t hen  a h a l t  occurs  a t  l o c a t i o n  223;  i f  RESTORE i s  c a l l e d  when 

t h e  SAVE-BUFFER is  empty, a h a l t  ,occurs  a t  l o c a t i o n  55. 

/ 
l -  

OVERLAY: 

When i t  i s  d e s i r e d  t o  OVERLqY a program from t h e  s t a c k ,  t h e  program 

number i s  loaded i n t o  t h e  accumulator ,  and JMP OVERLAY i s  executed.  When 

a program has completed i t s  f u n c t i o n  and ,wishes  t o  r e t u r n  t o  i t s  cal ler ,  

JX? RETURK i s  executed.  OVERLAY 0 is  e q u i v a l e n t  t o  RETURN. The sequence 

5 

1 s JMP OVERLAY 

( c a s e  1) L D A i  
0005 

JMP RETURN 

‘I 

; 

i > 
i s  much more e f f i c i e n t l y  accomplished by: 

i 



. .  

i 

S 

- 
8 

5 /  

2 

4 

c h a r  / c h a r  

c h a r  / c h a r  

c h a r  / s i z e  ( i . e . ,  l e n g t h  i n  b locks)  

i n i t i a l  b lock  

I 

3 

5 

5 

i I 

- 

. .  ( c a s e  11) LDAi 
7772 ( i . e . ,  -5) 
.T" OVERLAY , 

f o r  i n  t h e  second c a s e ,  t h e  p r e s e n t  c o n t e n t s  of c o r e  a r e  n e i t h e r  w r i t t e n  on 

t a p c  n o r  read  back i n  when program 5 i s  f i n i s h e d ;  r a t h e r  program 5 ' s  RETURN 

i s  p laced  on t h e  same level wi th  t h e  RETURN appear ing  i n  case 1, 

If a n  argument of OVERLAY i s  g r e a t e r  than  t h e  s i z e  of  t h e  program s t a c k ,  

t h e n  t h e  l a s t  program on t h e  s t a c k  i s  loaded; t h u s  a copy of t h e  MONITOR 

i s  ' u sua l ly  i n  b o t h  t h e  f i r s t  and l a s t  p o s i t i o n s .  I f  RETURN i s  c a l l e d  when t h e  

OVERLAY s t a c k  i s  empty, a h a l t  occurs  a t  l o c a t i o n  55 ( s i n c e  RESTORE w i l l  b e  

s p u r i o u s l y  c a l l e d ) .  

TEXTS: I '  

, Thq f i r s t  two words of t h e  4 ' t h  b lock  ( t h e  index)  of each  BOOK are  

(0,100, 'o r  2q0, e t c . )  
- -- . -. 

b l o c k  no. E 
4253 ( ' B K ' )  

The ;end p f  t h e  index  is denoted by a z e r o  where t h e  f i r s t  two c h a r a c t e r s  
1. 

of t h e  next  name would be. , 

Each t e x t  i s  headed by t h e  f q l l o w i n q  f o u r  word code: 

< 
1 c h a r  / c h a r  

c h a r  / c h a r  

c h a r  / max. s i z e  

c u r r e n t  s i z e /  type  I 

1 2 ;  

3 4 .; L 

5 

.1 

1 

The purpose of having types  is  f o r  f i l e  p r o t e c t i o n ;  when some program is 

w r i t t e n  which w i l l  c reate  a s p e c i a l  k i n d  of TEXTS - it  can, of c o u r s e ,  use 
Y ! I 



. I .  

' . .  

use any of  the  100 ava i lab le  types. Thus f a r  type 0 denotes a standard 

alphabetic  TEXT (using the hal f  word codes in Appendix XI), and type 41 ( ' A ' )  

denotes an 'absolute '  TEXT, i . e , ,  a TEXT whose f irs t  block c o n s i s t  of a 

header alone and whose next 5 blocks are an absolute  program ready t o  b e  

placed on the program stack.  

i 

i 

1 C 

3 C 

< 

1 c 

! '  
E I 

n L 

\ 



Appendix I V :  How t o  Run a BLINK Program. 

The  i3LINK3 compiler i s  s t o r e d  i n  t h e  d i s c  f i l e s  of S t a n f o r d ' s  7090 

computer. I n  o r d e r  t o  u s e  t h i s  compi l e r ,  i t  is necessa ry  t o  p r e p a r e  a 

c a r d  deck as fo l lows :  

No. 1 Card: 

No. 2 Card: 

SYSTEM : F-INFO 

TAPES : Mount on A 3 ,  a t  low d e n s i t y ,  
a t a p e  which can  be removed 
from t h e  Computation Cen te r .  

SYSTEM : I?-INFO 

t f Cont ro l  Card :  ;Cols .  1-6 : BLINK3 f i l e  number (changes 
p e r i o d i c a l l y ) ,  r i g h t  j u s t i f i e d .  

Cols .  7-11: BLINK \ 

1 
There s i o u l d  f o l l o w  a BLINK source  deck. T h i s  deck should  be  t e rmina ted  by 

. .  
- I =  1 

a R E S T k T ,  FINISH, o r  GETCOR card.  I f  a RESTART t e r m i n a t o r  is u s e d ,  i t  should  

be *follbwed by a n o t h e r  BLINK program. 

The o u t p u t  produced by BLINK3 w i i l  be on t h e  t a p e  which w a s  mounted on 

u n i t  A 3 .  T h i s  ou tpu t  i s  q u i t e  similar t o  t h a t  produced by t h e  SUBALGOL 

c o n p i l e r ,  i . e . ,  l i s t i n g s  of t h e  sou rce  decks ,  d i a g n o s t i c  messages ,  symbol 

t a b l e s  of t h e  compiled programs ( t h e s e  b e i n g  e s p e c i a l l y  u s e f u l  f o r  c o n s o l e  

debugging).  
i 

I n  a d d i t i o n ,  howeve?, t h e  t a p e  w i l l  c o n t a i n  t h e  a c t u a l  LINC code 

produced by t h e  compi le r ,  7 

I f  ;no compi le r  e r r o r  messages are p,koduced, t h e  t a p e  i s  brough t  o v e r  t o  

1 
the(LIN(, mounted on t h e  L I N C ' s  Gape uni,t, and r e a d  by a n  a p p r o p r i a t e  LINC 

probram, One such program merely s e a r c h e s  t h e  tape,  i g n o r i n g  a l l  t h a t  i t  

s e e s ,  u q t i l  i t  comes t o  cornpi1ed:xode. That code i s  then  t r a n s f e r r e d  t o  

t h q  LIKC tape,  u n i t  1, i n  t h e  f o q n  of a TEXT, 

O A ~  of t h e  p r i n c i p l e  drawbacks of the BLINK3 system is t h e l m e a n s  by which 

inE,ormat;ion i s  t r a n s f e r e d  from thp 7090 EO t h e  LINC.  Not o n l y  is i t  incon- 

L. 
A 
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v e n i e n t  t o  have t o  p h y s i c a l l y  travel t o  t h e  Computation C e n t e r ,  b u t  jobs  

r e q u i r i n g  s p e c i a l  tape handl ing  are  n o t  g i v e n  top  schedu l ing  p r i o r i t y  on 

t h e  7090. 

The ELINK4 system w i l l  employ a n  e lec t r ica l  connec t ion  between t h e  

L I N C  and t h e  Computation C e n t e r ' s  PDP. 

p repa r ing  a c a r d  deck a t  t h e  Computation C e n t e r ,  w i l l  p r e p a r e  a TEXT on t h e  

The BLINK programmer, i n s t e a d  of 

LIK. The 

f i r s t  l i n e  of t h e  TEXT w i l l  a c t u a l l y  b e  t h e  No. 2 c a r d  expec ted  by t h e  7090 

moni tor .  

d i q e c t l y  t o  t h e  PDP, which w i l l  r e l a y  i t  t o  t h e  L I N C .  

w r r t e  t h e  o u t p u t  on IBM tape. 

an4 nevpr need be  l i s t e d .  . I f - t h e  t a p e  c o n t a i n s  e r r o r  messages,  t h e n  i t  i s  

on ly  n e s e s s a r y  t o  a l ter  t h e  o r i g g n a l  TEqT and re-send i t  t o  t h e  7090. If 

t;?ere age no e r r o r  messages,  theq t h e  procedure  becomes t h e  same as under  

When completed,  t h i s  TEXT w i l l  be s e n t  t o  t h e  7090 v i a  t h e  PDP. 

I n s t e a d  of u s i n g  t a p e  A 3 ,  t h e  BLINK4 compi le r  w i l l  send i t s  o u t p u t  
- 

t 

The L I N C  i n  t u r n  w i l l  . 

The t a p e  can  be  examined on t h e  L I N C ' s  scope  

i i 
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TEE LING TEUTY?E EOl'jITOR SYSTEX 

LINCT 

Tine System consists of a monitor which accepts Macro-instructions 

ar,d associated oc ta l  pararneters from the te le type and separately coded 

program itnich a r e  executed t o  acheive the desired r e su l t  and return t o  

the monitor. The requirements t o  use LINCT a r e  a standard LING and 

a Teletype Corporation ser ies  33 teletype attached t o  re lay  #O and 

Zxteriial Line $3. Tape requirements a re  Blocks 200 and forward on 

un i t  0,  a s  the system i s  followed by an indef in i te  scratch area a 

prac t ica l  upper limit of 277 i s  satisfactory. 

The noni tor  is s t a r t ed  by an 0700 0200 i n  the switches and a 

STAXT 20. A return,  line feed is the  signal t h a t  the  monitor i s  

ready t o  accept input. The operator then types a 2 l e t t e r  ~Xacro code 

followed by the  app-opriate oc ta l  parameters and un i t  numbers (binary only). 

Comas  separate fields and blanks a re  ignored. 

not be e q l i c i t l y  specified a s  they  a re  i n i t i a l l y  defined a s  zero; 

AU. parameters need 

however, a s  un i t  1 i s  desireable as a l i b r a r y  tape, un i t  numbers are 

assumed as 1 unless a 0 is typed in the  f i e l d  (in sone cases a , is 
necessary t o  'topen" the  f i e ld ,  but once a f i e l d  is apened 1 i s  assumed2 

unless zerois  typed, An e r ro r  i n  a calking sequence , , means 1). 

(e.g. i l l e g a l  macro code, 

a non-octal d i g i t  i n  a oc ta l  f i e ld ,  or too many parameters i n  some cases) 

trill r e su l t  i n  a NO being typed back folloilred by a carriage return,  line feed 

something besides 0 o r  1 in a u n i t  f i e ld ,  

s i g n i f w g  ready s t a tus  f o r  a new l ine.  

as ax i l l e g a l  charachter result ing i n  tne  NO and may be used t o  de le te  the 

The RUB OUT key is in te rpre ted  

l ine.  Xie .UTULY key ef fec ts  execution of the  I'iacro. 

The following pages contain write ups of the  Macros with descriptions 

and cal l ing sequences. Also a page of actuAl telc?$ype;opera:on. 
, 

I '  

_ _  - _ _ - _  - 
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1. input Type: IN n,u,x 

This program receives alphanumeric t e x t  froin the te le type and 

record it on tape in succesive blocks beginning a t  Eilock 

( i n i t i a l l y  assuied 1). 

JJ~J-L - 
val id  except ? which is  ignored. The RUB OUT key w i l l .  delete  only t h e  

l i n c  currently being typed (multiple depressions have no e f f ec t  on the 

t e x t ) .  Upon depressifig it the program w i l l  do a caritage return,  type 

7 

n, Unit u 

Description: N I  alphabetic, nurnoric, and special charachters are 

X r s  over "he junk t h a t  i s  deleted and proceed t o  a new line. 

To end a l i ne ,  press RET'JRN. 

ready t o  accept a new l i n e  (usually immediate, but delayed when writ ing 

tape.) To terninate  input,  press EOT (CTilL & D keys) iimediately 

2ollo:Lig a i W i i i 3 Y ,  a t  any other place a NO i s  ty-ped back and the EOT is 

ignored. Tie program a f t e r  an EOT  all W t J e  out the  remaining t e x t  

and type the  message: LAST BLOCK USED I S  ???  

Control i s  then retunled t o  the inonitor. 

h e  iiunbemg: 

o c t a l  lii;e nuxber f o r  t he  preceeding l i n e  w i l l  be typed every eighth l ine  

begiiming a2ter  l ine zero. The number i s  psrepeeded5by z; t o  avoid confusion 

%he program gives the  l i n e  feed when 

f o r  tape logging purposes. 

If 4 0  numbering i s  suppressed. If F O  (normal) an 

trith the nunerous 4d ig i t  numbers tha t  appear. 

Output Fonriat: m e  first two words of every block are  75758 , the  t h i r d  

1iDl.d is negative if the  block is l a s t  i n  the text (never looked at  i n  t he  

system but Fight be of value). 

I'ourth t ~ m d  and continues by U N C  half word indexing through the e n t i r e  block. 

Zie end code i s  signaled by a 13 follotmg';a 128 

places the r e s t r i c t ion  t h a t  the charachter \ cannot be first i n  t h e  line, 

The t e x t  begins in the l e f t  hal'f of t h e  

(EOL code), This 8 



2 .  @$e (l ist)  m e :  TY n,u,Ll,L2,1Vc,x 

Type w i l l  l i s t  the  text beginning a t  Block n ,  Unit u ( initally 

assGled 1) under control of the  renaining parameters. 

Korfial Formit: If L1=L2=Nc=x=0 the printed output of the  entire text 

has t h e  s a m  2 o m t  a s  the  inpdt l i s t i n g  except for deleted lines. 

Unusual Fonnats, Control Parameters: 

LC : &gins gr int ing a t  l h e  number equal t o  L1 
I 

1 L2 : Stops pr in t ing  a t  line r-idiaber equal t o  L2 ;however if LFO \ 
' \  the en t i r e  tex t ,a f tor ' -% is  printed. 

the last line nuiiiber neanhg equality t o  it. 

Either L may be greater than 

N : ?r inks  the  first N characlzters per l ine .  Usef'ul for quick and dirty 
C 

l i s t i n g s  t o  ge t  l i n e  ilumbers af ter  a l terat ions.  

-. 7- , * 4 0  supsresses l i n e  numbering. 

Xotes: 

i m d i a t e  return t o  the  monitor i s  made. 

charachters, the program iriu s t a r t  a new l i n e  an t he  te le type and 

Continue p r b t i n g  the same b e  of  tex-t. 

i2 a block read does not have the 7575 t e x t  code a XO i s  $yyed and 
I 

If the  l i n e  i s  longer than 6%0 

u 

0 



3, Group Type : GR 14, Ul,M2,UZ,>J3, U3,. . . . . . . h, Un 
Croup  rill group tine n t e x t s  a t  Block Ni, Unit Ui i n to  one t e x t  . 

mci store the result ai; the System scratch area (around 240 depending 

on the edi t ion being used) on unit 0. 13e main purpose of t h i s  program 

is -lo prepare i d t i p l e  Lei& Tor assembly. 

cailec? Zor. Groupi?g i n  equivalent t o  catenation, i.e. the  first of 

t e x L  1 r’ollotrs t h e  l a s t  l i n e  of tiid 3-1 and t h e  last  line of t e x t  I 

i s  2olloxed by the first l i n e  of text I+1. 

Froin 0 to 1748 texts may be 

Text 1 fol lows  nothing and 

-Lek* n is followed by the tedxt end code. 

Operating Xotes: 

K ; the  end of  t h e  grouping the message :ri 1;1 BLOCIW GROU?ED AT ? ? ?  

is imi-lten before re”Gurn t o  tihe uionitor. jin i s  the  number of blocks 

A $10 is typed if any block read lacks t he  text code. 

. ~ i - l ’ ~ e i  at the  beginning of , t he  scratch area which is given in the  ???. 

Cwtion: Only a one block buffer i s  used s o  nothing may be inserted in front of  

t he  scratch area text ‘cut may be appended. 

4. Copy Pyp: CP n,n1,ul,ni,u2 

Tie prograra vKLl copy m bloclcs from block nl, unit u1 t o  

The block n2, -nit u . 
inr”omation nay be of any t n e  and i s  not Liiuited t o  texts.  

Cmtion: i. three block buffer i s  used so i f  moving more than three blocks 

2oward on the s a m  u n i t  care must be taken t o  avoid clob’oering blocks 

which have yet  t o  be read. 

If 1-1, successive blocks are copied. 2 

The range of  m i s  0 t o  1000. 

, 



5. Alter Type: ilL n,u,x 

This progran r d l l  perfom a group of insertions and deletions 

t o  the t e x t  a t  block n, unit, u. 

am.2 progrms Input and Copy. 

i s  i n  orciei.. 

Inpat t o  @ace the al terat ion tex t  a t  the beginning of the  scratch area. 

Zhe >iteration Tex% i s  then 'iy-ped in ( F o m t  described below.).ended with 

21 SOT (no l d s t  block rnessage i s  typed). Input then enter Alter. 

LZter reads the Alteration tex-t and the te4rt t o  be al tered (n,u). 

It wri tes  the al tered texk i n  the scratch area but immediately 

Eollor.r',ng Yne Alteration Text (Note: Xie altered text i s  never a t  

t h e  beginning or' the  scratch area). It then types a message and 

cgnbitioniXLly ienhezls Copy t o  return the al tered tex t  t o  block n,u. 

Zi any case the nonitor is re-entered. 

;?lter&ion Text: Alteration instruction l ines  and l i nes  t o  be inserted 

i n  the t ex t  make up the  Alteration Tex% 

re fe r  t o  l i n e  n-uibers in the text t o  be altered and references must be 

LT sequence Srom l i n e  0 fomard. 

i s ;  /n,n no blanks are permitted on the line. 

Zie prograin id11 remove l ines  f iwn the  beginning of  l i n e  m t o  the  

' s e g b i i i g  of  l i n e  n and will inser t  any l ines  of t ex t  t ha t  follow it 

unt i l  mother al terat ion instruction i s  encountered. (or an end of t ex t )  

Note: j, slash cannot be t i e  first  charachter in the Alteration t ex t  

It mkes use of the scratch area 

A brief description of  i t s  operation 

First the iracro i s  m e d ,  then the nonitor ins t ruc ts  

. 

The aiteration instructions 

. 

Tne f o m t  of a l terat ion instructions 

return 

unless the l i n e  i s  an alteration instruction (no res t r ic t ion on original t&). 

n> ;,:e message ILLKiAL PROCEDURE: i s  typed i f :  a block is read which does 

c o t  contain the 7575 code, as? alteration instruction of an i l l e g a l  format, 

01" 2'1 alteration instruction of  l e g a l  fornat but where nx, m < ( t h e  previous 

Listixciions n) ,  o r  m>(last l i n e  number of the oiziginal text) .  

Xs t h e  process i s  a merge, l i n e  nuinbering of the old-text, is preserved 
, 



throuzhout the one pass, a f t e r  completion however, the l i n e  numbering 

i s  depeidznt on the alterations lade and a pa r t i a l  pr int  may be used 

t o  doternine l i n e  numbering Fn places of interest .  

If x=3 the t e x t  w i l l  be returned i n  place of the or iginal- text  if 

t!ie length o3Ythe altered t ex t  i s  l e s s  than or equal t o  the original, 

o t h e n ~ s e  it w i l l .  be lel’t i n  the  scratch area and the  message 

n BLOCKS *WUiIiV AT x ~ d ~ l l  be typed, where n i s  the number of blocks and 

x i s  the location of the f irst  block.’ If the al tered t e x t  is returned 

the message 

cr i ter ion i s  t o  prevent clobbering a block of t ex t  immediately following 

n 3LOCKS RZTU?JED w i l l .  appear. The purpose of this 

the original texL. If x=l tlie t e x t  i s  unconditionally returned, and 

if  ~2 the t ex t  i s  not returned. 

.h example i s  i n  order: 

Z356 
/1,1 
xl?X.4 
3 . L L i x  
&< 1.2L 
/5,10 says “rernove l ines  5,6,7, and insect”  but there i s  nothing t o  insert. 
/ l2,23 says I’rexove l ines  1 2  ana inser t  before 13“ 
;.LL~.+ chis l i n e  i s  substituted f o r  1 2  
/17,103 presui7ing a t ex t  of say 62 l ines ,  t h i s  w i l l  remove iijme 17 through 
ZISILOZ tlie end of the text  and append whatever follows it  t o  an end of text 
ZY2A (anothnr  a l terat ion instruction i s  i l l e g a l  as m must be kess than 
m .-? 
iCAL-4 

(eot)  

means a l t e r  block 356, unit I, SO 
says Ifremove nothing and inser t  the following l ines  in front  of l i n e  1” 

i n  I 

these three l ines  are h s e r t z d  

?-,Trn. , .  

o r  eqilal t o  62 and greater tnan o r  equal t o  100) 
nr-n-, 9 

xhereupon the alteration i s  performed tne text is found t o  be smaller 
and blocks are  re tuned,  the message i s  then typed. 

1 BLOCKS RZIiUXUD. 

A note oil Grouping: Gi-ouping is an easier way t o  inser t  information before 

zn existing texi; o r  appending t o  it. 4s an al tered text is never l e f t  a t  
.. - - .. , 

the beginning o f  a scratch block it i s  necessaiy t o  group it t o  place 

it at t n e  b e g i i g  (one block of t ex t  may be grouped i n  f ront  of  it ’ 

sGely).  
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6. Assemble. Type: AS 
LINCT has been tied into the LAP Convert Metacommand, which 

works quite satisfactorily, through a program which transforms 
LINCT text at the beginning o f  the system scratch area into LAP 
text and places the result i n  blocks 336 forward (LAP input area) 
and enters the LAP converter which assembles to blocks 330 333 
(270 to 277 for 2K version). 
LAP I l l  Manual must be adhered to, obviously a new special charachrer 
set is necessary as LAP uses a somewhat unusual set. The changed 
charachters were chosen for typing convenience and resemblance was 
a secondary situation. The following is the list of changes 
LA? LlNCT 
1 ; (semi colon) 

The rules o f  line structure given in the 

P * (asterisk 
U ! (exclamat 
I / (slash) 
Origin $ (dollar s 

Tag : (colon) 

on mark) 

gn 1 

OPERATIONAL SAMPLE FROM TELETYPE 
1 N523, I 
$220 
LDA; 
1777 
ROL 3 
:5H JMP 7B 
\diiC;lO (note: unit 1,if from cards) 
2/ 24 0 
RDC ;! 
4A 
4A=23CI 
JMP *-5 
LAST ELOCK USED IS 523 

AS 
GR523 



7. Sxecute Type: ‘XI3 n,n,n,..,,,n 

This i s  not a program but a means of loading and executing a program. 

The monitor IU place the first parameter i n  location 1375 and 

successive locations thereaf ter ,  when IIETURJJ i s  pressed the  monitor 

j q p s  t o  1375 and the oc t a l  commands typed in tu1 be Executed. 

The reason 1375 was chosen was that one may do an RDC and a Jl@ and 

it -cJill leave parameters i n  1400 forward or if a program i s  t o  be read 

i n t o  qcarter 2, t h e e  161s (NOP) may be given and inst ruct ions -are i n  

quarter 3.  

on the  first attempt t o  read r J i l L  cause error. 

. 

R l r 5 5 4  
Overlaying i s  a hit and miss proposition as tape check f l  

. .  



A Floating Point Subroutine Package for the LING 
Jeremy Pool 

This package was written for programs compi led by "B1 ink", an I B M  7090 
Balgol compiler for the Linc, written by Richard Moore; however, it is 
completely compatible with any machine language program. 

The arithmetic routines - add,multiply, divide - and the float subroutine ' 

are, with minor alterations, those written by J.C. D i l l ,  W. M. Stauffer, and 
R. W. Stacy of the University of North Carolina. 

In this package the format for floating point numbers is a one word exponent 
followed by a one word mantissa. 
numbers (standard form for the Linc). 
and a zero mantissa. Floating point numbers must be in standard form, so that 
the mantissa has an absolute value between 010 0$0 000 0b0 and a11 1 1 1  1 1 1  1 1 1 .  

The decimal point is understood to be between bits 1 1  and 10 of the mantissa. 

Both words are signed, one's complement 
Zero is designated by a zero exponent 

In addressing it is always the first word, the exponent, which i s  specified. 

The calling sequence is as follows: 
JMP 400 

A1 
01 
A2 
02 

An 
On 
Next instruction 

A1 is the address of the first operand. 
are possible: 

Three possible formats for this address 

AI > 0 ; A1 = absolute address of operapd 
A I  = 0 ; The operand is the floating accumulator 
AI < 0 ; A I  = indirect address of operand 

For indirect addressing, the address is not complemented; only the 1 1  bit must 

be set to 1. 

operand, not location 3714. 
Thus with A1 = 4063, location 63 contains the address of the 
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2 

' 01 is the desired operation. Two forms are possible: 
01 < 0 ; Execute the specified subroutine, and then continue to 

execute the next specified subroutine. 

01 > 0 Execute the specified subroutine, which is the last in 
the series of subroutines, and return and execute the next 
instruction in location p + 1 .  

Here again, when 01 < 0, this i s  specified by setting to one the 1 1  bit, not 
by complementing the entire number. 
cute floating point instructions while 13f602 means add and return from the 
floating point package. 

Thus 4002 means add and continue to exe- 

Some of the routines are l'integer1l subroutines and assume one of the numbers 
involved to be an integer. In this case the actual address of the integer i s  

specified by the operand, directly or indirectly. 

The subroutine codes, their mnemonics, and their explanations are as follows: 
(op = operand; 

1. CLA Clear and add c(op)-> c(FAC) 

3. COM Complement complement o f  c(op) -> C(FAC) 

FAC a floating accumulator; ac P Linc's accumulator) 

2. ADD Add C(0pj .+ C(FAC) -> C(FAC) 

4. MUL Multiply C(OP) x C( FAC) -> C( FAC) 
5. DFA Divide (a) C(FAC) / C(OP) ->C(FAC) 
6. DAF Divide (b) C(OP) / C(FAC) -> C(FAC) 
7. IAD Integer Add C(OP) + C(FAC) -> C(FAC) ; C(OP) = I 

In the previous subroutine and in some of the following, the operand is 

assumed to be an integer (I). 

10. IML 
11. DFI 
12. DIF 
13. FIX  

I 

, 14. FIT 

15. CLR 
16. MAX 

17. M I N  

20. SGN 

Integer multiply c(op) x C(FAC) -> c FAC) ; c(op) = I 
Integer divide (a )  c(FAC) / c(op) -> c FAC) ; c(op) = I 
Integer divide (b)  
Fix 
is stored in the regular, Linc, accumulator. Numbers are not 
rounded; all fractional parts are lost. Any number less than one 
is stored as zero. Any number greater than 3777 or less than 
-3777 is converted to 3777 or -3777 respectivL84- 
Float(')c(op) 
floating point number and replaces c(FAC). 
Clear Storage 0 -> c(0p) 
Maximum The c(op) is compared with c(FAC). The larger value 
rep 1 aces C( FAC). 
Minimum The C(op) is compared with c(FAC). The smaller value 
replaces C( FAC). 
Sign 

c(op) / c(FAC) -> c(FAC) ; c(op) = I 
c(op) is convert4d to a fixed point number (an integer), and 

is assumed to be an integer. It is converted to a 

If c(op) < 0, then - 1  -> c 
If c(op) = 0, then 0 
If c(op) > 0,  then 1 

c 
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21. INC Increment c(0p) f c(FAC) -> c(FAC) and ->c(op). Th is  i s  
the f l o a t i n g  p o i n t  counterpar t  o f  L incys add t o  memory i ns t ruc t i on .  

22. IIN in teger  Increment c(op) + c(FAC) -> c(FAC) and c(op); c(FAC) = I 
Note t h a t  i n  th is  i n s t r u c t i o n  i t  i s  the  FAC, no t  t h e  operand, which 
i s  assumed t o  be an integer.  

23. STO Store  C( FAC) --> C(OP) 
24. SSP Set Sign PIUS IC(OP)I -> C(FAC) 
25. SSY Set: Sign Minus - Ic(Op)l  ---> c(FAC) 

26. SQT Square r o o t  ; --> FAC 

27. IPT Input  ; the number input ted  on the keyboard -> op 
The number i s  input ted i n  decimal and i s  terminated by  a space. 
The number may be preceded by a minus sign. 
inputs  a re  al lowable:  

Any o f  t he  f o l l o w i n g  

rl .345 A. -. 0001 LL 
996 L l  
-101 A 
-62. A 
A (=o) 

There i s  no l i m i t  t o  the number o f  d i g i t s  inputted. 
"del '1 a t  any t ime dur ing an input  de letes what has been entered and 
the  e n t i r e  number must be retyped. 

Pressing 

30. OPT Output ; the  operand i s  ou tpu t ted  on the te le t ype  i n  the  f o l l o w i n g  
format : 

X.XXX, XXX r e t u r n  and I i ne  feed 

The f i r s t  four  d i g i t s  a r e  the  decimal mantissa and t h e  l a s t  th ree  
the  c h a r a c t e r i s t i c  as a power o f  ten. 

Also PKG = JMP400. The mnemonics are used i n  an assembly program t o  be described. 

If l oca t i ons  1472 and 3742 a r e  a l t e r e d  so t h a t  they both h o l d  "4Z"6", the  t e l e t y p e  

does no t  r e t u r n  a f t e r  i t  has output ted a number; i t  spaces once. 

these loca t i ons  h o l d  1'657~11) 
(Normally 

The ac tua l  t e le t ype  output  r o u t i n e  i s  inc luded as a subrout ine w i t h i n  the  package, 

so t h a t  i t  can be jumped t o  from outs ide the subrout ine package. 

character, load the  accumulator w i t h  t h a t  cha tac te r l s  t e le t ype  code and jump 

t o  l o c a t i o n  1742. 

r e g i s t e r s  12 and 15 a re  used by t h i s  subrout ine and a re  n o t  res to red  if one 

jumps t o  1742. 

To type a 

Control  w i l l  au tomat i ca l l y  be returned t o  p + 1. Index 

A m o d i f i c a t i o n  i s  included f o r  scope ou tpu t  o f  t he  same format. 

The package occupies a l l  o f  quar ters  one, two, and three. 

from l o c a t i o n  3700 t o  3756. 
Quarter  7 i s  used 

A l l  index r e g i ? t e r s  a re  res to red  t o  t h e i r  prev ious 
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va 1 ue except in the case mentioned above. 

The floating accumulator is locations 1120 and 1121. 

No error detection is provided. 
will yield incorrect answers, not error messages. 
invalid operation codes, etc. 

Overflow of exponents in arithmetic subroutines 
The same is true of 

A sample program which calculates , which stores the resul t in the 
x -3x 

floating accumulator, and which leaves +1, -1, or 0 in Linc's accumulator, 
depending upon the value of the result, follows: 

x is in 1 G  
3 (integer) is in IT 
locations 24 and following contain LDA 

0 
JMP 1000 

JMP 24 

IT 
4614 ') Loads -3, floating point, into the' FAC 

0 
4003 

1G 
4002 X-3 = C(FAC) 1 

lT 
401 2 . 
0 

J 

7 
Determines sign of answer Exit because the 1 1  bit u 0 062p 

Next instruction 



. 
. 

Program fol lower 

To use: 

Read in program to be tested and execute it once. 
Then read it out tmporarily on tape and read it back into memory, 

in executed form, into blocks o f  upper core corresponding to those 
blocks of Iwer core where the program normal ly operates, i.e., 
quarter o into quarter 4, 1 into 5 ,  etc. 

On sense switches set the quarters which the program uses (actual lower 

core quarters). 

On the right switches set the address of the first executed instruction. 

Read in the Program follwer aad start 20. 

W e n  the program 'halts locations 20 and following will contain the 
locations of your program which are instructions. The following i s  an 
example of  the final output: 

a, loc. 

20 

21 

22 

- 

23 
24 
25 
26 

con tents 

20 

176 
405 
760 
0 

0 

0 

This means instructions were 
contained in locations 
20 through I76 and 405 

program. 
. through 760 of your 

The program follwer is not perfect. It will not catch returns from 

subroutines where the return address is manipulated to be anything 

besides p+l o r  a constant return address. It will not catch jumps 

executed by pulling addresses out 0 f . a  jump table. It will assume that 

a l l  XSK instructions can proceed t o  both p+l and pi-2, while this is 

not always true. Therefore, the results may contain a few locations 



_ -  I - 

t rh ich a re  date and may omit l oca t ions  which conta in  ins t ruc t ions .  

I 

The program fo l lower  i s  j u s t  tha t ;  i t  does no t  t e l l  you what p a r t s  of 

your program were meant to  be ins t ruc t ions ,  i t  t e l l s  you which 

loce t ions  can be reached, as i ns t ruc t ions ,  by t he  var ious jumps and 

branches of your program. 

t r o u b l e s h m t i n g  a program by showing you where your program a c t u a l l y  

can go. 

Thus i t . p r o v i d e s  a good method fo r  

. . . .- -. . . . - 



Mnemon i c dump 

To use: 

Rcad program to be typed into upper core in quarters corresponding 

to the lower core location o f  the program, ;.e., a program which 
runs in quarters 0 and 2 should be read into quarters 4 and 6. 
Have tape JP on unit 1. 

Read B l  310 into quarter 0 and start 20. 
Type cn the kbd one-digit numbers corresponding to the quarters 
used by the program. 
Separate these digits by spaces. 
ihen type in the locations which are  instructions in the form specified 
bel ow. 

For the case mentioned above, type 0 space 2. 

-- 

If the program postulated above ran f r o m  20 to 360 and from 

1000 to 1377 the entire input should be as fol lows: 

OA 2 A  0020A 0 3 6 0 ~  1000/l 13774 EOL 

Location D may not b e  specified as an instruction location 

+*L/+ 
Qua r te r s I nst ructi on Locations 

Sense switches control the output forfiat as follows: 
a 

A l l  set  to ia = single column output 
SW 1 at 1 = 2-column output, numbering spaced by 200 
SW 1 ,  3 at I 2-column output, numbering spaced by 100 
sw 1, 2, 3 up = 4-column output 

= 



. 

Appendix: B 

Log Book 
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